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Popadin et al., pp. 1015
Specificity of expression can speak to the function of a
gene. For example, discovering that genes are coexpressed
might help support a hypothesis that the genes geneti-
cally interact. Although this approach has been used
extensively for protein-coding genes, expression patterns
and epigenetic regulation have not been completely eluci-
dated for large intergenic noncoding RNAs (lincRNAs).
Unlike that of protein-coding genes, the function of the
majority of lincRNAs is still unknown. To gain further
insight into the potential roles of lincRNAs, Popadin
et al. used a genome-wide approach to characterize the
cis expression quantitative trait loci (cis-eQTLs) and
DNA-methylation patterns that contribute to lincRNA
expression variability across fibroblasts, lymphoblastoid
cell lines, and T cells derived from 195 European individ-
uals. In general, lincRNA cis-eQTLs affected down-
stream, neighboring protein-coding genes, suggesting
that lincRNAs might also act as enhancers. Additionally,
the authors found that although lincRNAs appear to be
more tolerant to changes in gene expression than similar
protein-coding genes, lincRNAs are regulated by many of
the same allele-specific mechanisms. Because lincRNAs
are relatively young in the evolutionary sense, whether
the variants that contribute to variable expression are
under selection still remains to be seen. Knowing that
lincRNAs are regulated by the same mechanisms as
protein-coding genes, the possibility of asking the same
types of questions that have been asked about protein-
coding genes might be on the horizon.All in the Family
Rosenthal et al., pp. 1035
In the age of next-generation sequencing, linkage analysis
might seem old fashioned, and perhaps even ill suited for
the pursuit of variants that contribute to complex pheno-
types. Indeed, many have turned to genome-wide associ-
ation studies and, more recently, to exome-wide
sequencing studies for such investigations. However, as
Rosenthal et al. show in this issue, large amounts of valu-
able information can be obtained from carefully designed
family studies. In this paper, the authors studied five
generations of a family comprising more than 120 indi-1Scientific Editor, AJHG; 2Deputy Editor, AJHG
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hyperlipidemia, a disorder once thought to be a Mende-
lian trait. Through a combination of linkage analysis
and exome sequencing, the authors narrowed in on a
handful of rare variants that might contribute to the
family’s high triglyceride levels; among these variants,
the authors’ top candidate was a previously unreported
missense change in SLC25A40, a gene that encodes a
mitochondrial membrane-transport protein. They then
harnessed the power of the NHLBI Exome Sequencing
Project (ESP) to identify an association between
SLC25A40 variants and high triglyceride levels. The ESP
data failed to reveal an association between triglyceride
levels and the other candidate loci identified in the family
study. Such a study design is not always feasible, of
course, but the approach outlined by Rosenthal et al.
demonstrates how family studies can be adapted, and
indeed strengthened, by the integration with 21st century
technology and resources.Functional Characterization of
Breast-Cancer-Associated SNPs
Meyers et al., pp. 1046
Genome-wide association studies (GWASs) have been
used extensively for highlighting loci that are associated
with various types of cancer. However, the functional
role of many of these variants is not completely under-
stood. Although GWASs have implicated variants near
FGFR2 in estrogen receptor (ER)-positive breast cancer,
it remains unclear how this locus contributes to disease
progression. In this study, Meyers et al. used the iCOGS
chip to look more closely at this region. Through fine
mapping, they identified three independent risk signals,
some composed of more than one SNP, in the second
intron of FGFR2 and further prioritize the variants by
DNAse I hyperesensitivity, functional annotation with
histone marks, electrophoretic mobility-shift assays, and
chromatin immunoprecipitation (ChIP). ChIP assays
demonstrated that FOXA1 preferentially binds to the
risk allele at rs2981578 and recruits ERa in an allele-spe-
cific manner. Additionally, E2F1 preferentially binds at
rs35054928. Chromatin conformation capture demon-
strated that these regions of open chromatin harboring
the risk-associated SNPs interact with the FGFR2 pro-
moter and RNA polymerase II. Because FOXA1 and ERay of Human Genetics. All rights reserved.
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are involved in conferring estrogen responsiveness, these
results support the involvement of this locus in ER-posi-
tive breast cancer, but not ER-negative breast cancer.Ciliary Involvement in Morbid Obesity
Shalata et al., pp. 1061
With obesity now a serious public health concern, sub-
stantial effort has been spent on identifying genes that
are associated with obesity and metabolic dysfunction.
However, many previously associated genes have only
small effects. In this study, Shalata and colleagues identi-
fied a homozygous nonsense mutation in CEP19 in a large,
consanguineous family where affected individuals are
morbidly obese and have an average body mass index of
48.7. Although the truncated protein product failed to
accumulate, wild-type CEP19 localized to the centriole
and basal body of primary cilia. At least two other Mende-
lian obesity disorders, Bardet-Biedl and Alstro¨m syn-
dromes, are caused by mutations in cilia-associated genes.
Unlike these diseases, mutation of CEP19, in this family,
appears to be less polymorphic and to result in phenotypes
that are fairly restricted to obesity and metabolic dysfunc-
tion. To further investigate the role of CEP19 in obesity,
Shalata and colleagues generated knockout mice and
found them to be nearly twice as heavy as their wild-
type littermates. Additionally, they found that homozy-
gous knockout mice were hyperphagic, glucose intolerant,
and insulin resistant in comparison to wild-type mice.996 The American Journal of Human Genetics 93, 995–996, DecembAlthough the role of cilary proteins in obesity and meta-
bolism remains unclear, future studies might uncover
commonly disrupted metabolic pathways in individuals
with mutations in CEP19 and in individuals with Bardet-
Biedl and Alstro¨m syndromes.Exploring T2D Exomes
Lohmueller et al., pp. 1072
The hunt for variants associated with common diseases
has been, for the past few years, driven largely by
genome-wide association studies. But, as has been pointed
out many times, the SNPs identified in such studies
often have small effect sizes, and so the search for the
‘‘missing heritability’’ continues. More recently, spurred
by decreased cost of sequencing, investigators have begun
to search for rare variants of large effect. Now, Lohmueller
et al. explore the possibility that the underlying genetic
architecture of type 2 diabetes (T2D) is driven by rare
variants clustered in a small number of genes. In this
study, which should be well-powered enough to detect
such an architecture, 1,000 cases and 1,000 controls
were sequenced to over 503 coverage. Single-marker
and gene-based association tests failed to reveal signifi-
cant associations, suggesting that if rare variants do
contribute to T2D risk, they will not be limited to a small
number of genes. Although these findings might be seen
as discouraging, they should be informative for the design
and interpretation of future sequencing-based studies.er 5, 2013
